Jatropha multifida L. is a plant widely used in traditional medicine in Benin including some voodoo ritual practices, to stop bleeding. In this study, we investigated in vitro haemostatic properties of the sap of J. multifida L. Morphological observations and determination of some biochemical and hematological parameters were performed on whole blood, plasma and serum before and after addition of sap. Results obtained showed sap contains tannins, flavonoids, saponins, leucoanthocyanes, mucilage and reducing compounds. When added to plasma or serum, proteins precipitated sap and led to (<1 s) their constitution network very quickly. On whole blood, the addition of sap led to an instantiated coagulation. Microscopic observations have revealed that cells have reached (<1 s) the protein network formed which led to the formation of a cell aggregate. Apart from fibrinogen, which was significantly reduced, other coagulation factors are not modified by sap. The sap has a proven hemostatic property and its mechanism of action is different from the cascade reaction of coagulation.
INTRODUCTION
Jatropha multifida L. is a plant producing abundant sap that is used to stop external bleeding (Klotoé, 2011) . The leaves of the plant are also applied to wounds and ulcers to speed healing. The use of the sap of J. multifida L. as local haemostatic is widespread in southern Benin, particularly in certain voodoo rituals (de Souza, 1988; Adjanohoun et al., 1989; Akoègninou et al., 2006) . However, the mechanism of action of the hemostatic effect of the sap of J. multifida L. is currently unknown. J. multifida belongs to the family of *Corresponding author. E-mail: victorien88@hotmail.com.
Euphorbiaceae (Padoue et al., 1999) and is known by the common names, such as, coral, coral-and-gardens and flower-of-blood. It is native to tropical America and is cultivated as an ornamental plant in northern Australia and South East Africa (Nayak and Patel, 2009 ). This study aims to study the basic mechanisms that underlie the hemostatic effects of the sap of J. multifida L.
MATERIALS AND METHODS

Plant material
Using scalpel, green leaves of J. multifida L. were cut and the sap was directly collected in sterile collection plastic tubes. Samples were then refrigerated at 4°C.
Blood samples
Blood samples were obtained by venipuncture from normal adult human volunteers. The blood was collected in a dry tube and a tube containing sodium citrate (0.109 M). Serum and plasma were obtained respectively by centrifugation of dry tubes and tubes containing sodium citrate at 3500 rpm.
Morphological evaluations
Action of the sap of J. multifida L. on blood, plasma and serum was evaluated in the Hematology Laboratory of the Polytechnic School of Abomey-Calavi by macroscopic and microscopic observations made on a microscope mounted on a CETI BELGIUM camera connected to a computer screen. 100 µl of sap of J. multifida were added to 1 ml of blood sample (whole blood, plasma or serum). The contents of each tube are observed macroscopically before and after adding the sap of J. multifida L (Figures 1 to 3) .
The microscopic preparations were made by adding 10 µl of sap to 50 µl of fresh whole blood or plasma (Figures 4 and 5 ).
Blood tests
Sap of J. multifida was diluted in a pool of fresh normal human plasma in a dilution range from 0 to 50% to study the in vitro effects of sap on prothrombin time (PT), activated cephalin time, thrombin time (TT) and fibrinogen. The dilutions were: 5% (1/20) with 50 μl of sap in 950 μl of plasma, 10% (1/10) including 100 μl of sap in 900 μl of plasma, 15% (3/20) with 150 μl of sap in 850 μl of plasma, and so on until a dilution of 50% (1/2) comprising 500 μl of sap in 500 μl of plasma. All tests were performed at 37°C and dilutions were left at least 15 minutes before testing. Each test was repeated twice and the average was calculated. A control tube was performed in each case by replacing sap by physiological water (NaCl 0.9%). The tests were performed on a coagulometer 4 Channel type of SOC-COAG4C Biolabo Diagnosis -Analyzer, in Research Laboratory of Applied Biology from the University of Abomey-Calavi (UAC).
Biochemical tests
Determination of proteins
Total proteins were assayed spectrophotometrically using Biuret method. The sap of J. multifida L. was diluted with a pool of fresh normal human serum in a dilution range from 0 to 50% and total proteins, albumin and globulins were determined. Albumin and globulin were determined by serum protein electrophoresis.
Determination of calcium
Calcium was measured with a spectrophotometer using the reagent Calcium Arsenazo III BIOLABO SA, Lot: 051035A1. At slightly acidic pH and in the presence of calcium ions, Arsenazo III forms a colored complex, whose absorbance measured at 650 nm is proportional to the concentration of calcium in the sap diluted at 1/10 in distilled water. 1 ml reagent was added to 20 L of standard (or sample); mixed and allowed to stand for 1 min at room temperature. The optical densities (OD) were read at 650 nm against blank. The color is stable for 60 mi. The concentration of the diluted sap is determined by the formula:
Co Dosage = Co standard × OD dosage/ OD standard Multiply the result by 10 to obtain the concentration of the pure sap.
Statistical analyses
Comparisons of two by two averages using the Student t test p (T> 
RESULTS
Morphological studies
Addition of sap in fresh serum and fresh plasma has led to the rapid formation (less than a second) of a network of protein (Figures 1 and 2 ). On fresh whole blood, the addition of sap has resulted immediate coagulation (Figure 3 ). Microscopic observations shown that sap has resulted in the formation of a protein network that serves as the basis for the aggregation of red blood cells (Figures 4 and 5) .
Biochemical study
Addition of sap to serum resulted in a significant decrease of total proteins (p < 0.05). Serum proteins decreased by over 40% with ¼ dilutions (Table 2 ). The electrophoresis of serum proteins showed that sap both rushed albumin and immunoglobulins (Table 1) . The average concentration of calcium in the sap is 2653 mg/L, more than 25 times the normal concentration in blood (90 to 105 mg/L).
Hematological study
Sap added to the plasma has driven a significant decrease in fibrinogen concentration which is decreased from 3.52 to 0.23 g/L (p<0.01). Similarly, TT increased significantly from 17.5 to 220 s (p <0.01). Unlike TT, activated Cephalin time were not significantly increased after the addition of sap on plasma (p = 0.258) ( Table 2) .
DISCUSSION
Addition of the sap of J. multifida L. on whole blood created an instantaneous coagulation (Figure 3) . On plasma and serum, sap's action was manifested by the rapid formation (<1s) of a network of proteins ( Figure  1 ). Biochemical tests confirmed the precipitation of plasma proteins ( Table 2 ). The sap-proteins interaction appears to be related by the presence of tannins in the sap. Indeed, phytochemical analysis of sap revealed the presence of tannins, flavonoids, saponins, of leucoanthocyanes, mucilage and reducing compounds (Klotoé, 2011) . The hemostatic power of sap can be explained by the role of tannins and flavonoids. Nacoulma (1996) reported that flavonoids reduce bleeding. With regard to the tannins, they transform into some insoluble substances soluble proteins because of the chemical bonds that develop between them and the tannins (Schmauch, 2010) . They are bristling with phenolic hydroxyl groups capable of reacting with strong hydrogen bonds with the atoms of the peptide binding protein (Crozier et al., 2009 ).
Blood cells have quickly joined the protein network and trained it with a comparable cell aggregation in platelet thrombus that forms during the normal process of hemostasis (Schved, 2007) . The aggregation of red blood cells is facilitated by the appearance in plasma of high molecular weight proteins (such as fibrinogen, immunoglobulins and albumin) which became insoluble under the action of sap (Goldsmith et al., 1999) . Indeed the insoluble proteins increases blood viscosity and inhibit the movement of red blood cells (Bishop et al., 2000) . Like fibrin, we believe that the protein network formed behaves like a net that traps red blood cells but also platelets and leukocytes (Wolberg, 2007) . The cell aggregation has a significant effect on in vivo hemodynamics (Bishop et al., 2000) . Increased aggregation produced locally in each capillary will immediately disrupt blood flow (Mchedlishvili et al., 2002) . This could lead to a reduction in time and volume of bleeding.
With hematologic parameters (PT and Activated Cephalin Time), no significant difference was observed between plasma diluted with sap and that one diluted with water. The action of sap would be independent of (Schved, 2007) . This particular mechanism of action provides an advantage over to sap over hemostatic plant extracts which act on the cascade reaction of coagulation (Gao et al., 2004) . Fibrinogen levels decreased significantly after addition of sap. This is justified by the nature of this protein molecule. Thus we see that sap rushed all macroproteins in plasma. A similar mechanism of action has been described for Ankaferd Blood Stopper, an hemostatic product composed by extracts of five plants (Goker et al., 2008; Bilgili et al., 2009; Haznedaroglu et al., 2010) . Furthermore the high presence of calcium in sap could be one factor in the activation of coagulation.
Conclusion
We can conclude that the traditional use of sap as a haemostatic is justified. The mechanism of blood coagulation by sap results from the formation of the network of proteins. It is basis for cell aggregation and this mechanism appears independently of coagulation factors. Sap of J. multifida shown excellent effects on in vitro tests realized. This offers a very interesting therapeutic perspective because sap could be used as local hemostatic both normal subjects as those with coagulation disorders such as hemophilia.
